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Lysozyme has been shown to be associated with 
datnaged elastic fibers in many tissues and organs. To 
better characterize this interaction, binding of ly-
sozyme to elastin was studied using solution-based 
binding assays. Under physiologic conditions, radio-
labeled lysozyme bound specifically to elastin in a 
titne- and concentration-dependent manner. Binding 
w as reversible and was inhibited by unlabeled human 
and hen lysozyme but not by other proteins. Ly-
sozyme had no elastolytic activity as assessed by a 
standard tritium-release assay, but, importantly, pre-
vented the proteolytic degradation of elastin by hu-
man leukocyte elastase, pancreatic elastase, thermo-
lysin, and Pseudomollas elastase. A striking feature of 
R eversible e lasticity is an important pro perty fo r tissues that undergo stretch . Elasticity is im.parted to these t issues by elasti c fibers that aggregate to form lamellar- or ribbon-like stru ctures in the extracellula r matrix (M echam and H e user, 1991). 
T he functional compo nent of the mature e lastic fiber is the prote in 
elastin, which, upo n secretion fi'om the cell , becom es cross-linked 
wi th other elastin molecules to form an elasti c po lym e r. Because of 
its extensive cross-linking and hydropho bic pro perties , mature 
elastin is one of the most stable pro teins known . 
In its cross-linked form , e lastin is resistant to proteolysis by most 
proteases except for th e e lastases and a sm all number of enzym es 
with specificity for amino acids with hydropho bic side chains. 
Serine protea ses with e lastolytic activities are secreted by the 
pancreas and can be found iJl secreto ry granules o f the n e utrophil 
and other inflammatory cells. There are, in addjtion , several 
malnmalian m etallo- and cysteine-proteases in inte rstitial and in-
flarruuatory cells that degrade e lastin, including matrilys in, macro-
phage metalloelas tase, 72- and 92-kDa gelatinases , and cathepsin L 
and S (Bieth, 1986; Murphy el ai, 1991; Scnior cl ai, 1991; Shapiro 
et ai, 1992; C hapman el ai, 1994). Microorganisms also express 
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lysozyme's anti-elastase activity was that it did not 
function in the classical sense of inhibiting directly 
the enzymatic activity of the protease. Instead, by 
binding to elastin, lysozyme prevented the protease 
from interacting with the elastin substrate in ways 
that normally favor proteolysis. These results show 
that lysozyme binds to the elastin component of 
elastic fibers and that this interaction has important 
biological consequences for elastic fiber degradation. 
By preventing degradation of elastin, lysozyme can 
function as an important natural inhibitor that exerts 
a protective effect on elastic fibers at sites of tissue 
injury. KCJI words: eiastase/eiastoi},sis/pltotectioll/asselllbi}, . 
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potent e lastases belonging to the serine, cysteine, and m e tallopro-
tease f.1milies (Po tempa et ai, 1988 ; Galloway, 1991 ) . 
During development, the elastic fiber is o rganized by microfibrils 
that serve to nucleate, and pe rhaps catalyze, e lastin assembl y and 
polymerizatio n (Mecham and Davis, 1994) . The exact composition 
of microfibril s is not known, altho ugh fibrilLins (Sakai et ai, 1986), 
microfibril-associated g lycoprotein (G ibson cl ai, 1991), and asso-
ciated-microfibril pro te in (H o rrigan ct ai, 1992) are kJlown com-
poncnts. Severa l o ther proteins, including amyloid P (Breathnach et 
ai, 1989), vitroncctin (Dahlback ct ai, 1989), and fi bro ncclin 
(Schwartz et II I, 1985) ha ve been localized to elastic fibers in som e 
ti ssues . It is unlike ly, howe ver, that these proteins participate as 
integ ral compo nents of elastic fibe rs, because their assoc iation with 
elastin occurs in a pattern that suggests nonspecific absorptio n 
resulting in a gradual accumulation over time. 
Another protein kJlOwn to associate with elastic fibcrs is ly-
sozym e (Davies et ai, 1983), a hig hly cationic mucolytic enzym e 
capable of cleaving bactel;al ce ll waU peptidoglycau. Lysozym e is 
fo und in virtually all o rganjsm s including bacteria, insec ts, and 
m ammals , and is found in large concentrat.ions in a wide val'iet)' of 
t issues and body fluids Oolles andJolles, 1984) . B ecause of its ability 
to lyse bacteria by hydrolyzing cell wall peptidoglycan components, 
lysozyme is widely recognized as an importan t protein in the body's 
de fense aga ins t bacterial pathogens. 
Why lysozym e associates with e lastic fibers is unknown, al-
though studies sugges t this association occurs mos t often with 
abno rmal e lastic fibers resulting fi'om tissue il~jury. In iJ1Vasive 
ductal and lobular carcinom as o f the breast, for example, lysozym e 
is found to co-distribute with e las tic fibers in e lastotic areas (M era 
and Davies, 1987) . In skin, lysozym e is associated w ith elastic fibers 
in sun-damaged regions, and the number of lysozym e-containing 
elastic fib ers appears to correlate w ith the amount of sun dam age 
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(M era (~t ai, 1987; Albrecht ef ai, 1991). Recently, Lavker el al. 
(1995) found that suberythmal doses of UV A produced a marked 
increase in lysozym e deposition on e lastic fibers in exposed skin . 
Abn ormal e lastic fibers in pseudoxanthoma e lasticum (Albrecht el 
ai, 1991) and pinguecula (Li CI ai, 1991) a lso stain for lysozyme, as 
do c lastic fibe rs in the vascu lature (Davies el ai, 1983). Altho ugh the 
biologic significance of these observations is not fu ll y understood, 
they imply that colocalization of lysozyme on e lastic fibers may be 
a reliable marker of e lastic fiber damage in various ti ssues and 
o rgans. 
In this report , w e show that lysozyme binds to the e lastin 
component of e lastic fibers. [n so doing, lysozyme protects e lastin 
from proteolytic degradation by e1astases. Lysozyme exerts its 
protective e ffect th roug h binding to e lastin, and not by directly 
a ltering the catalytic properti es of elastolytic proteases. T hese 
results suggest that lysozyme binding to e lastin may be yet another 
biologically important m ech anism in protecting the elastic fiber 
/Tom e lastase-mediated degradation . 
MA TEIUALS AND METHODS 
Materials Human milk and hen lysozymc, bovine serum albumin (USA), 
hemoglobin, thermolysin , and porcine pancreatic elastase (PpE) were 
purchased from Sigma C hemical (St. Louis , MO). Bovinc ligamentum 
nuchae elastin and human leukocyte elastase (HLE) were obtained from 
Elastin Products Company (Owensville, MO). IOOOGEN and BCA pro-
tein assay kit were purchased from Pierce C hemica l Company (Rockford, 
IL) . Na[ ' 25J) and ['H)sodium borohydride were from IC N (Costa Mesa, 
CAl and New England Nuclear (Boston, MA), respectively. 1'0-10 co lumns 
(Sephadex G-25M) were purchased from Pharmacia (Uppsala , Sweden). 
Synthetic elastase substra te I (MeOSuc-Ala-Ala-Pro-Val-pNA) was from 
Calbiochem (La Jolla, CAl. Pselld(l//iOliaS aemgillosa isolated from a cysti c 
fibrosis patient (Krivan el ai, 1988) was kind ly provided by Dr. David 
Roberts (Laboratory of Pathology, National Cancer Institutc). Elastin used 
in this study was purified from bovine ligamentum nuchae using thc hot 
alkali procedure of Lansing et al (1951) and Was shown to be free of 
Injc ro fibrillar protein by 311lino acid ;:Inalysis. 
Reverse-Phase HPLC Purification and Radiolabeling of Lysozyme 
A commercial preparation of human lysozyme was disso lvcd in water/ 
0.05°;', trifluoroacetic acid and fractionatcd by C18 reverse-phase high-
perfonllancc liquid chromatography (I-IPLC). The column was devcloped 
ovcr 30 min at a flow rate of 0.5 mllmin using a 0-80% water/II-propanol 
gradient. All solvcnts contained 0.05% trifluoroacetic acid. Column efflucnt 
was monitored at 215 and 280 nm. and fractions containing puriflCd 
lysozyme were detected by sodium dodccyl sulfate-polyacrylamide gel 
electrophoresis and immuno blotting. T he concentration of HPLC-purified 
human lysozyme was dctermined using a BCA protein assay !cit, with 
known concentrations of hen lysozyme defining the standard curve. All 
experiments in this study were performcd with this HPLC-puriflCd human 
lysozyme except for the competition binding assay in Fig 1. which used hen 
lysozyme as one of the competing protcins. 
HPLC-purified lysozyme was radioiodinated with Na[' 25 I) using 
IOOOGEN as described by the suppli er. Briefly, 10 ",g of lysozymc in 100 
",I of Tris-buffered saline (TIS: 50 mM Tris, 150 mM NaCl, pH 7.5) was 
incubated with 300 ",C i of Na[' 25 I] in an IOOOGEN-coated microcentri-
fuge tube for 1.0 min at room temperature . Unincorporated 1251 was 
separated from labeled lysozyme by 1'0-10 chromatography. The specific 
activity of radiolabelcd lysozyme was approximately 2.6 X 10" cpm/ng. 
Binding Assay Binding oflysozyme to elastin was assesscd by incubating 
10 or 23 ng of radiolabeled lysozyme with 60 ",g of elastin in 200 ",I of assay 
buffer (TBS with 0.01 % Brij 58 and 2 mM CaCI2) at 37°C in the presence 
or absence of protein competitors. Duration of assays and concentration of 
protein competitors are described in respective figure legends. Binding 
assa ys wcre tenninated by pelleti.ng the insolub le elastin by centrifugation in 
a microccntrifuge. After transferring the pellet to a fresh tube and washing 
twice with buffer pre-warmed to 37°C, the bottom of the microcentrifuge 
tube was cut into a plastic tube and radioactivity associated with the elastin 
pellet was measured with a galllm~l counter. 
Elastin Degradation Assay Radiolabcling of bovine ligamennllll nu-
chae elastin was performed by reductive alkylation usi ng [' I-I) sodium 
borohydride as described (Banda et ai, 1.981). The specific activ ity of 
tritiated elastin was 1900 cpm/ /Lg. For all elastin degradation assays. 80 /Lg 
of radiolabeled elastin was incubated with the experimcntal sample for 25 h 
at 37°C in 200 ",I of assay buffer as described in Scnior el al (1991) . 
R eactio ns were terillinated by centrifugation to rcmove any remaining 
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Figure 1. Specific binding of radiolabeled lysozyme to elastin. 
R.adioiodinated lysozyme (23 ng) was incubated with 60 ",g of elastin for 2 
h at 37°C in 200 ",I of buffe r (TBS w ith 0.01% Brij 58 and 2 mM CaCI2) in 
the absence (control) or presence ofl 00 ",g of BSA , hcmoglobin, human 
lysozyme, or hcn lysozyme. Background binruJlg of radiolabeled lysozyme 
to th e Microfugc tube surf:,ce was mC:l sul"cd in the :l bscncc of elastin and 
protein competitors. At the end of the incubation period . the elastin pellet 
was washed twice with buffer, and radioactivity associated with elastin was 
detennined using a ganll11a countcr. ,Duta arc presented as I11 C:lt1 cpm bound 
::':: SO of tripli cate measurements. 
insoluble elastin, and radioactivi ty ill 100 ",I of the supernatant was 
determined by sc intilla tion counting. T he exact experimental cOllditions are 
described in respective figure legends . 
Hydrolysis of the Synthetic E1astasc Substratc MeOSuc-Ala-Ala-
Pro-Val-pNA Effe cts of lysozym e on HLE hydrolysis of MeOSuc-A1a-
Ala-Pro-Val-pNA were detcrmined by combining the enzyme and substrate 
in 1.ml of l 00 mM I-JEPES buffcr, 1'1-1 7.5, containing 500 mM NoCI and 2% 
dimethyl sul fox ide. MeOSuc-Ala-Ala-Pro-Val-pNA (1 67 ng/",I fina l con-
centration) was incubated with I-ILE (0.2 ng/ ",I) in the absence or presence 
ofphenylmcthylsuIfonyl fluoride (PMSF) (2 mM), lysozyme (0.5 ",g/",I). or 
BSA (0.5 ",g/ ",I) at room tempcrature for 3 h . At the conclusion of the 
in cubation period, s3Inplc absorbance at 410 nlll was detcnnincd to assess 
hydrolysis of the substratc. Substrate incubated without enzyme was used as 
a blank and was sub tracted from all absorbance readings . 
R ..ESULTS 
Lysozyme Binds Specifically to Insoluble Elastin Figure 1 
shows binding in a solution-based binding assay of iodinated human 
lysozym e to insoluble elastin in th e absence or presence of excess 
unlabe led BSA, h emoglobin , hum an lysozyme, or h en lysozyme. 
Lysozyme binding to e lastin was not affected by unrelated proteins 
such as BSA or hem oglobin , but excess unlabeled human and hen 
lysozyme inhibited binding by 60 and 70%, respec ti ve ly. Binding of 
labeled lysozyme to e lastin w as time-de p endent and showed re-
vcrsibility in the presen ce of excess unlabe le d lysozyme to approx-
imately 50% of the bound lcvel (Fig 2). T hese results support 
specifIc binding oflysozyme to elastin and demonstrate that human 
and hen lysozyme have similar biJlding properties . It is impossible 
to calculate an affi nity constant for the lysozyme- e lastin inte raction 
because elastin is an insoluble c ross-linked polyme r and a concen-
tration te rm for the affinity calculation cannot be de tennined. 
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Figure 2, Lysozymc binding to elastin is timc-dcpcndent and 
revers ible. Rad iolabcled lysozyme (10 II g) was illcubated with 60 JJ.g of 
elastin for 15 , 30, 60, or 120 mill at 37"C in 200 JJ.l of buffer. After 120 min 
ofincubatioll, either 10 JJ.l ofbulfer (blank) or lO JJ.I of buffe r containing 100 
/Lg of unlabeled hen Iysozymc was added , and bound labeled Iysozymc was 
chased for 30, 60, or 90 min. Extent of binding was measured as described 
previo usly. Data arc presented as mean CplIl hound :!: SO of [riplicatc 
deterrrlinations. 
Lysozyme Docs Not Degrade Elastin But Inhibits the 
Elastolytic Activity of HLE The biological consequences of 
interactions between lysozyme and elastin are unknown , but the 
enzymatic properties of lysozym e suggest a potential role in elastic 
fiber degradation . To examine whether lysozym e possesses elasto-
lytic activity, purified lysozyme was incubated with insoluble 
elas tin that had been radiolabeled by reduction with sodium 
borotritide. Borotritide reduction resu lts in the specific t"i tiation of 
uniqu e cross-linking amino acids that are released into the super-
natant w hen insoluble elastin is degraded by e lastolytic enzymes. 
When two different concentrations (6 and 30 ILM) of lysozym e 
were incubated with 80 ILg of rad io labeled elastin for 25 h in the 
absence or presence of 10% fetal bovine serum , no counts above 
background were solubi lized . Porcine pancreatic e lastase (0 .5 ng/ 
ILl), which served as a positive control, re leased 1.9 X 10" cpm over 
the sam e time period. T hese results demonstrate that lysozym e 
binds to elastin but has no e lastolytic activity. 
To test whether lysozym e might protect elastin fro m proteolytic 
degradation, tritiated elastin was incubated with HLE in the 
presence of BSA or lysozyme. As expected, BSA did not alter the 
elastolytic activity of HLE relative to control. In the presence of 
lysozyme, however, degradation of e lastin by HLE was reduced by 
approximately 70% (Fig 3a). Figure 3b shows that degradation of 
insol u ble elastin by HLE decreased as a functio n of increasing 
concentration of lysozym e. 
Inhibition of HLE Is Mediated By Lysozyme Binding to 
Elastin and Not to the Elastase T he high concentratio n of 
lysozyme required to efl:ectively inhibit e lastolysis suggested that 
lysozy me was exerting its effects by interacting with the abundant 
insoluble e lastin substrate and not directly with the more dilute 
HLE. To confirm that lysozym e does not have a direct effect on the 
enzYluatic properties of the protease, HLE was incubated with the 
synthetic substrate MeOSuc-Ala-Ala-Pro-Val-pNA in the absence 
or presence of lysozyme. HLE cleaves this synthetic tetrapeptide 
after tbe PI Val residue, releasing a p-nitroan il ide group which is 
moni tored spectrophotometrically at 0°4 , 0 "m' As shown in Fig 4, 
h ydrolysis of the synthetic substrate by HLE was not affected by 
concentrations of lysozym e that inhibited degradation of insoluble 
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Figure 3. Lysozyme inhibits degradation of radiolabeled elastin by 
HLE. a, tritiated elastin (80 JJ.g) was incuhatcd ovcmight \\~th 0.5 ngl fLl HLE 
\\~th or without BSA or lysozYlIlc (hoth 100 JJ.g) in 200 J.LI of buffer at 37°C. b, 
fixcd conccntrations of[ritium-Iaheled c1astin (0.4 JJ.g/ JJ.I) and HLE (0.5 ng/ J.LI) 
werc incuhated overnight at 37°C with differing concentrations of lysozyme. 
The cxpe,;mcnt was tel111ina[cd by ccntrifugation, and radioactivity of 100 fLl 
of the supemat:lIlt was mcasured in a liquid scintillation counter. Error hal'S 
represent SO dctcnllincd ti-o tn t,iplicatc Il1caSUrC111Cllts. 
e lastin. In contras t, the serine protease inhibito r PMSF comple tely 
inhibited HLE's activity toward the peptide substrate. 
Further evidence that the inhibitory e ffects of lysozym e result 
fi'om its in teraction with elas tin rather th an directly Witll the 
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Figure 4. Effects of lysozyme on HLE hydrolysis of MeOSuc-A1a-
A1a-Pro-Val-pNA. J-ILE hydrolysis of the synthetic substrate was assessed 
in the absencc or presence of BSA, lysozyme, or PMSF. Samples were 
incubated at room temperature for 3 h, and hydrolysis was quantified by 
measuring abso rbance at A = 410 nm . Final concentrations of the reagents 
were as fo llows. MeOSuc-Ahl-Ala-Pro-Val-pNA = 167ng/p.I, J-ILE = 0.2 
ng/p.l. BSA = 0.5 p.g/p. l , lysozymc = 0.5 p.g/p.l, and PMSF = 2 mM. Thc 
spectrophotometer was blanked with a sample containing only substrate. 
protcasc was demonstrated by incubating HLE with elastin that had 
been pretrcated with lysozyme (Fig 5). In thesc experimcnts, 80 f.Lg 
of radiol abeled insoluble elastin was in cubated with 100 f.Lg of 
Iysozymc or BSA for 5 h at 37°C in 200 p.1 of buffe r, and unbound 
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Figure 5. Effects of preabsorption of elastin with lysozyme on HLE 
cla.tolysis. Tritiated elastin was incuba ted for 5 h at 37°C with either 
lysozyme or BSA (both 100 p.g) in 200 p.1 of buffer. After washing unbound 
proteins twice with bufie r, 0.5 ngl p.l of J-ILE was added and incubated 
overnight at 37°C. The control sample was preincubated with buffer 
without proteins. Results arc presented as percent of elastin degraded ± SO 
from triplicate dctcrnlinations. 
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proteins were removed by washing the insoluble substrate with 
buffer. When 0.5 ng/f.Ll ofHLE was added to the pretreated elastin 
and incubated overnight at 37°C, a 34% inhibition was observed in 
samples treated with lysozyme relative to samples preincubated 
with buffer or BSA. This was a lower level of inhibition than 
observed w hen lysozyme was continuously present in the fluid 
phase of the assay, but is consistent with a protein that binds 
reversibly and slowly leaches away from the insoluble elastin during 
the extended incubation . 
Effects of Lysozyme on the Elastolytic Activity of Other 
Elastases If protection of elastin against proteolytic degradation 
is a biological consequence of lysozyme binding to elastin, then 
lysozyme may have the abi li ty to inhibit degradation by a wide 
range of e lasto lytic proteases . PPE, like HLE, belongs to the serine 
protease family. Microbial elastases such as thermolysin from 
Bacilllls Ihel'lllOproteolytiClis and PSClldol/lollas elastase are metaJJopro-
teases with a catalytic site homologous to mammalian metallopro-
teases with elastase activity (Bieth, 1986). To determine whether 
lysozyme wou ld protect elastin against degradation by these elas-
tases, tritium-l abeled elastin was incubated for 25 h w ith HLE, PPE, 
thermolysin, or an overnight cu lture supernatant of P. aCl'IIgillosa in 
the presence or absence of lysozyme. In the presence oflysozyme, 
degradation of elastin by all four proteases was decreased 50 - 70% 
(Fig 6). 
To test w hether lysozyme was itself a substrate for these pro-
teases, radio labeled lysozyme was incubated with elastin and 
e lastases under the same assay condition . After 25 h , lysozyme was 
not found to be degraded as assessed by sod iu m dodecyl sulfate-
polyacrylamide gel electrophoresis and autoradiography (data not 
shown). 
D ISCUSSION 
Elastic fIbers are complex structures in the extracellular matrix that 
impart elasticity to tissues (Mecham and Davis, 1994). Mature 
fibers consist of a dense, cross-linked aggregate of the protein 
elastin, and to a lesser extent, microfibrils that form a peripheral 
mantle surrounding e lastin . Immun ohistochemical studies have 
shown that several other proteins associate with elastic fibers. 
Amyloid P, for example, binds to the microfibri llar component as 
docs vitronectin (Breathnach ct ai, 1981; Tomasin i-Johansson el ai, 
1993) . Whethe r b inding of these proteins to elastic fibers has an 
important biological functio n is unknown , but available evidence 
suggests that accumulation of both proteins is age-related and most 
likely associated with a general diffusion of serum proteins into 
tissues (Brcatlmach el ai, 1981; Prosser et ai, 1984; Dahlback et ai, 
1989; Tomasini-Johansson et ai, 1993). Lysozyme has also been 
shown to colocalize with elastic fibers. This association, however, 
correlates more with tissue damage than with general protein 
diffusion. 
Our resu lts show that lysozyme binds directly to the elastin 
component of the e lastic fiber and in so doing, protects elastin from 
degradation by several classes of elastolytic proteases. The exact 
mechanism of binding is unknown, although previous studies have 
shown that cationic proteins like lysozyme are capable of binding to 
an ionic domains of elastin via charge interactions . In fact, the 
characteristics of lysozyme bindiJ1g to e lastin resemble the in terac-
tion between elastin and elastase and thereby suggest a mechanism 
for how lysozyme protects elastin fi'ol11 proteolysis by elastolytic 
enzymes. Several studies have shown that elastase-e lastin interac-
tions are governed to a large extent by the cationic nature of the 
protease and the anionic charge on elastin . Ablation of acidic 
residues on elastin by esterifIcation yields a derivative that is 
resistant to proteolysis by pancreatic elastase. Simi larly, neutraliza-
tion of the cationic charge on elastase by modification of e-amino 
groups produces an enzyme that no longer degrades elastin (Kagan 
ci ai, 1972) . In con trast, the susceptibility of e lastin to digestion by 
pancreatic elastase is considerably enhanced in the presence of 
ligands that bind to elastin and carry an anionic charge at neutral 
VOL. 106. NO. MAY 19% 
120 
• control 0 with lysozyme 
100 
'C 
Q) 
'C 
'" "-Cl 80 
Q) 
'C 
c: 
iii 60 
'" Qj 
:.!! 0 40 
20 
0 
w w c: If) 
...J Q. If) '" J: Q. c: >- 0 
0 E 
E 0 
'C 
"- :l Q) Q) 
.c: If) 
l- n.. 
Figure 6. Effects of lysozyme 011 serine and metal1oelastases. 
Radiolabcled c1astin was incubated overnight with lOng of HLE, PPE, or 
thermolysin in buffer or 20 iLl of an overnight culture superna tant of P. 
aenlgilloso in the abscnce (control) or prcsence of 30 iLM lysozyme at 37"C 
in 200 iLl of buLfer. The samples were processed as described previously. 
R.es ults are normalized to respective control samples and presented as mcan 
percent elastin degraded :':: SO of tripli cate determinations. Mean radioac-
tivicy solubilized from elastin by HLE. PPE, thennol),sin. and P sell dl)l ll OIlOS 
supernatant in the abscnce of l)'sozymc were '1 .4- , 2.0-. 1.1-, and 1.5 X 10' 
cpm, respcctively. 
pH. The anionic detergent sodium dodecyl sulfa te, for exam ple , 
can increase the ra te of e lastin proteolysis by 600°1., whereas neutral 
detergents have no effect and cationic detergents strongly inhibit 
elas tolytic activity (Kagan cl nl, 1.972). Extensive studies have 
shown that the e ffects of these agents are due to interaction with 
elastin , as opposed to an e lrect on the catalytic efficiency of elastase 
(Kagan et nl, 1977). Like e lastase, lysozyme is also a cationic protein 
and presumably could bind to elastin through the sa me ionic 
interac tions as elastase . [n so doing, lysozym e would not on ly mask 
elastase binding sites, but wou ld reverse the charge potential on the 
surface of the fi ber similar to w hat occurs w ith ca tionic detergents, 
preventing binding of the ca tionic e lastase. 
The partial and re latively slow reve rsibility of lysozym e- elastin 
binding is also sim ilar to w ha t has been observed to occur in 
elas tin- elas tase interactions. Pancreatic elastase and e lastin form a 
highly stable and slowly reversible compl ex that can be separated 
by sedimentation o r fi ltration. T hese complexes seem to be gov-
erned by the same e lectrostatic charge requirements shown to 
pertain to the proteolytic rel ationship between these two reactants. 
Becau se e lastin-elastase complexes form even with enzymatically 
inactive elastase, binding and proteolys is must be considered to be 
separate events (Kagan eI aI, 1977). In in terpreting these findings, 
Kagan e/ al (1977) have postulated that elastase binds to e lastin in 
two competing ways. ln the first i.nstance, elastase binds to anionic 
sites on the elastin surface where alanyl residues are accessible to 
the active site o f the enzym e. A conformational change fo llowing 
peptide bond cleavage results in subsequent release of the enzyme 
for recycling to another site. A second, competing m ode of binding 
involves similar ionic binding forces but at sites on elastin which do 
not present the appropriate amino acid side chains for catalysis. 
These latter inte ractions wo uld be "nonproductive" and tlle en-
zyme would remain tightly bound . A simil ar binding m echanism 
can be proposed fo r lysozym e, w ltich would bind to both categories 
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of anionic sites but remain bound to both because ca talysis cannot 
occur at the productive sites. Since the polymeric nature of 
insoluble e lastin provides an excess of potentia.! binding sites, this 
would explain w hy a re latively large concentration of lysozym e is 
required to e frectively protect elastin from elastases. 
Elastin is uniqu e am ong extracellular matrix components in that 
it is syn thesized during a relatively short period of development. As 
a consequence, m ature elastin is h.ighly stable under normal phys-
iologic conditions, and the molecule synthesized in early life is 
tho ught to last the lifetime of the organism (Rosenbloom el nl. 
1993). For this reason, protection of existing elastic fib ers is of 
primary importance for maintaining nornlal tissue fi.1l1ction. In 
addition to the m any inhibi tors of elastolytic enzymes circulating in 
p lasma (Travis and Salvesen , 1983), lysozym e could add an addi-
tiona l level of protection through its abili ty to bind to elastin and 
m ask its propensity to serve as a proteolytic substrate. Lysozyme's 
abiJi ty to form a relative ly stable complex w ith elastin and to 
prevent proteolysis by several classes of elastolytic enzym es m akes 
it an ideal na tural inhibitor of elastic fiber degradation . 
R ecent studies have suggested tllat lysozym e binding to elastic 
fibers is ,U1 early indication of UV A-induced dermal damage (Lavker 
cl nl, 1995). T he apparent preference oflysozynlC for abn onnal elastic 
fibers suggests that tlle lysozyme binding site is accessible in damaged 
elastin but cryptic or m asked in nonnal fibers. Alternatively, lysozym e 
may not encounter elastin under non11al condi tions. The exact binding 
preference is difficult to deternline experimentally because purified 
elastin is, of necessity, subjected to harsh isolation procedures. 
At presen t, the cellular o rigin o flysozym e bound to elastic fIbers 
in tissues is not known . The prefe rential deposition of lysozym e in 
d~maged tissues, however, suggests that inflammatory cells may be 
a m aj o r source of the enzyme. Lysozynl e is found in both mono-
cytes and g ran ulocytes and is released from these cells during 
phagocytosis and degranulation (Resnitzky el ai, 1994). Inflamma-
tory ce lls could also be indi rectly responsible for lysozyme accu-
mulation in damaged tissues by stimulating lysozyme syntllesis in 
residen t ce ll s. M,my cell types express lysozyme and modulate this 
expression in response to acu te phase mediators (Takeuch.i el nl, 
1993; K6bsel and R am adOl; , 1994). High concentrations of ly-
sozyme are also found in body fluids and cou ld accumulate in 
damaged tissue as a consequen ce of plasma leakage into the 
in terstitia'! space. It is interesting that lysozym e is fo und in both 
primary (azuroph.il) and secondary granules of the neutrophil and is 
secreted w ith HLE upon degranulation (Bretz and Baggolini. 
1974). [t is therefore poss ibl !,! th at lysozym e might serve dual 
functions of digesting bacterial cell wall peptidoglycans and restrict-
ing proteolytic damage to e lastic fibers. 
N ot all consequences of lysozym e binding to elastin may be 
beneficial, however. We have found in a preliminary study that 
addition of lysozyme to an ill IJ itl''' elastic fiber assembly system 
results in inhibi tion of elastin. but not microfibril-associated glyco-
prote in , deposition into the developing matrix. This result suggests 
that lysozym e m ay inhibit assembly of the elastic fiber ill IJiIJo. 
A ltho ugh li ttle remodeling of elastic fi bers occurs in adult li fe , 
reactivation of elastin synthesis is observed w hen elastic fibers are 
damaged in some disease states. T he repair process often proceeds 
in a m orphologically disorde red manner, however, with subsequent 
impairment of no rmal elastic fiber function (Kuhn \II cl nl, 1976). 
W hen exam ined at tlle ul trastructural level. m an y Iysozym e-
containing elastic fibers show an aberrant structlHe characterized by 
disorganized e lastin and granular- appearing inclusions (Li cf nl, 
1991) . Because of these observations , it w ill be important to 
delineate how lysozyme specifically inhibits elastin deposition into 
developing matrix, and determine w he tller tllis activity plays a role 
in the disordered repair process of elastic fibers. 
I'Ve ,hnuk BCI!iamill Nled/fl m and C /millfl Tisdale jor es p rit fcc/mical ass istance. 
T lris work IIIOS slIl'l'IJrled bl' NnriO/wl IIISlillltCS of H eallir Gl'OlIls HL-29594 O/Id 
HL-41926 10 R .P.M. 
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